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Abstract The crystallization effects of boron (B) powder on the phase, full width at half maximum (FWHM) values, and
critical properties were investigated for in-sifu reacted MgB, bulk superconductors. The semi-crystalline B powder was heat-
treated at different temperatures of 1000, 1300 and 1500 °C for 5 hours in an Ar atmosphere. Then, using as-received and heat-
treated B powders, the MgB, samples were prepared at 600 °C for 40 hours in an Ar atmosphere. As the heat-treatment
temperature of the B powder increased, both the particle size of the B powder and crystalline phase increased. In the case of
MgB, samples using B powders heat-treated at above 1300 °C, unreacted magnesium (Mg) and B remained due to the improved
crystallinity of the B powder. As the heat-treatment temperature of B powder increased, the critical current density of MgB,
decreased continuously due to the reduction of grain boundary density and superconducting volume caused by unreacted Mg
and B.

Key words MgB, superconductor, B powder, heat-treatment, crystallization, critical current density.

1. M 2 X*C*M A dFE = F ¢
B~ (B)Eth ﬂ}:zulg(Mg)J 2 887(650°C) o2
2001 dE2o] Akimitsu Lm0l & wAE MgB, ﬂo}o:] MgB, A4S 650°C = 2 % oA = o
ZATAE ZAE Hole%=r/NT) 39K 71&2] NbTi, AFQl Mgel wE o]5o 2 MgB, 4 A4 wkgo] doi
Nb;Sn53} 7He F47F 313 A=A vla] ®ol . Un AFY A7l 27] B YA 2714 &Y
71e] AL FS PulE ARGSEA] L 20 K A A ¥ H A 2%7F 600 °Ce] A2ol4 = Mg BEF
A2 9E e 2HE 871710 F442 5 Ak & ZdHl FAtell ofste] MgB, Zdol dAdE=H, ol
Tk 72 A=Al H]s)] Agks- Zo](coherence length) AAAEL At s RT =2lA dojuA HaL

iy, R opol

7F A3 AR ool AskAl e AHE A A MgBol AAY Z7F Al FAaEH] diFeR £
t}9 MgB, 2AEAE AAGA ] weak links7} 9137, HJAAFLEE HolA Hoh? w3k 7] wbAA A B
Z22 g AE(flux pinning center)Z 2H&-sh= A% EES dHst] HAARE WEA HH MgB,o| v
A HeE =Y A A AR 5SS L & o] BoA L AAY AUE Aok dANFRES &
At wEbA MgB.ol A | fU]% AoIPE A 2 AL F Ao ZaHAY

TCorresponding author
E-Mail : bhjun@kaeri.re.kr (B.-H. Jun, KAERI)

© Materials Research Society of Korea, All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

465



o
ot

%,

g

}Jt
@
1y
A

%,
°
5
>

2o &
o

)
i)

X
ox
1o
(B
it
i
o
fz
20
Hone
12
o
)
ws]

S ARS8l 600°C AolA MgB, ZHEAE A
A4, ARY 7], YALE, YANFLES] &

ol il
2
in)

[ex

ox IN Mz ng o

o
M
1%
ol
ol
32
vl

Al
=

N

ok
T
4
T
-

z27] BUE Mgx 99 %, Y% 4~10 um, Tangshan
Weihao Magnesium Powder Co. Ltd.,, China) 274 #%
I B(=E 9597 %, Y%= 1um ©|3}, Tangshan Weihao
Powder Co. Ltd., China) RFAAE ¢S AME-5te] in-
situ RFEO 2 MgB, Bl Axsiedrh. B 22 244
k2 fleted 271 B 98 22 A4 15mm, 77 20
mmé] DO T A|ZHo] AshPAE Ti FHO| Ded
£ 1000 °CellA 1500 °C7HA] 255 WHSAAZIH 3
= Ar(99.999 %) 29171 slolld 5 A17F Fek g H
Atk o]F B HA S vA LR 3 & MgB=
1:29] Hl&2 S ¥ 3027 A= Stk EF
H MgB, #22 27 15mm, 77 12mme] FYo=z
RHEo] TifHol| LEE § 600 °CollA 40 A7k &<t
T ArE9l7] shllA ] HA ol & &
= 300 °C/hel A Th,

B 22| 243}t Aok dE MgBo & 4 ¥
AR TZE B Cu-Ka(h=1.5418A) eI S A3l
X-ray diffraction(XRD, Rigaku)S.Z A=t} B 2
& 207} 10-70°, 12]3L MgB, -8 20-80° H Sl
0.02° 7H4 o2 =t £2e] Yz 271 st
324} field emission-scanning electron microscope(FE-SEM)
< AMEETE 2H = 54 5742 magnetic property
measurement system(MPMS, Quantum Design)S ©]-8
sk 2% YALE S 20 GO & FA7g
A 20-40 KR 91014 S8 =AU, 0-7 TS 2p717g sl A
5K 20Ke] 504 Askgo] 24 E 0, Bean's
critical model& ©]-&3t] UAXFHEE AlLFstdTt.

HL ¢

d

HR

3. @l ¥ nE

uro.

22 1000 °C, 1300

by
oo
2

Fig. 1 as-received B &
°C, 1500°C == z}7+ AL W] XRD A#
olt}. As-received B 322 A e o 34 7
AEo] FAEFATE 1000°C 22004 EA] € B &
oA = HAZEe A7 &% SRS B ¥
received E2F} 2 Xjo|E Ho|R] ekqlt}, SIX|qt

o e
rE“"
o =
ol 3%

1300°C

As-received

10 20 30 40 50 60 70

T T T

260 (degree)

Fig. 1. XRD patterns for as-received B powder and B powders
heat-treated at various temperatures.

Table 1. FWHM value and crystallite size of B powders heat-
treated at different temperatures.

Temperature(°C) F\%ﬁ(“) F\;E/ﬁﬁ(“) (':szzt(ﬁ;
As-received 0.282 0.470 11.3
1000 0.262 0.448 11.7
1300 0.243 0.221 12.1
1500 0.222 0.222 15.1
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Fig. 2. SEM images of B powders heat-treated at various temperatures. (a) as-received (b) 1000 °C, (c) 1300 °C, and (d) 1500 °C.
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Fig. 3. XRD patterns for MgB, samples prepared at 600 °C for 40
h using B powders heat-treated at different temperatures.
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Table 2. FWHM value and crystallite size of the MgB, bulks heat-
treated at 600 °C for 40 h using B powders heat-treated at different
temperatures.

Sample Fv(vl}h(\)/}(") vafok(l)ﬁ(") Csfiiﬁiﬂ?f
As-received B 0.430 0.386 19.0
1000°C B 0.362 0.345 28.1
1300°C B 0.299 0.332 28.5
1500°C B 0.340 0.284 45.6
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Fig. 4. Magnetic field dependence of J, for the MgB, bulks heat-
treated at 600 °C for 40 h using B powders heat-treated at different
temperatures.
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